A very simple optical setup for the measurement of the modulus and the phase of the two-point correlation function of a partially coherent light field is presented. The system consists of a slightly modified version of a Young interferometer and requires a single Young mask in order to determine the correlation function at any pairs of points. Experimental results are presented for the case of a synthesized partially coherent secondary source.
Measuring the two-point field correlation function of electromagnetic fields is a task of great importance in optics, both from theoretical and applicative viewpoints. The standard device for the direct determination of the correlation function is, of course, the Young interferometer, 1 where the modulus and the phase of such a function are directly detected from the visibility and position, respectively, of the produced interference fringes. Despite its simple description, such an approach is actually quite cumbersome to implement, and ingenious systems have been conceived in the past to overcome one of the main drawbacks of the device, 2 namely, the huge number of required pinhole positions.
More complex and refined techniques, still based on a two-point interference experiment, have been developed. Most of them basically consist of detecting the intensity pattern produced by the superposition of a wavefront with a shifted (and possibly reversed) replica of it. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Values of the modulus and the phase of the correlation function are typically retrieved by acquiring and postprocessing different patterns, obtained by varying the overall phase between the two replicas. In such a way, coherence between different pairs of points is displayed in a single interference pattern. Moreover, such systems are very efficient as far as the required light power is concerned. The main price to be paid in using wavefront-foldingbased techniques is the growing complexity of the experimental setups, which require very accurate and stable optical arrangements and precise phase shifters.
In this Letter we propose a simple device for the direct measurement of the modulus and the phase of the spatial coherence function of a quasimonochromatic optical field. It is a modified version of the classical Young interferometer but employs some peculiar features of reversed-wavefront interferometers. In particular, besides the elements of a standard Young interferometer (with a single mask), the proposed setup only requires the presence of a beam-splitter cube to produce a reversed replica of the incident wavefront. Experimental results carried out on a synthesized partially coherent source will be presented.
For the sake of clarity, we consider here a 2D case (i.e., field distributions depending on only one transverse coordinate), but the extension to the 3D one requires only slight modifications of the apparatus. The basic setup of the modified Young interferometer is sketched in Fig. 1 . First, two replicas of an incident light beam are created by a beam-splitter cube (BS) and, because of the orientation of the cube, propagate along parallel directions. A similar arrangement was recently used in experiments concerning "ghost" imaging.
14 Because of the reflection that occurs at the internal surface of BS, one of the two replicas (the lower one in Fig. 1 ) turns out to be flipped with respect to such a surface. The two replicas then impinge onto a Young mask (Y), consisting of two pinholes with mutual distance d, in such a way that each of the holes of the mask samples points of one of the replicas. We shall refer to such an arrangement as a reversed-wavefront Young (RWY) interferometer. Unlike a classical Young interferometer, in which the correlation function must be sampled by varying the positions of both pinholes across the whole transverse plane, in the RWY interferometer the distance between the pinholes is kept fixed. To show this, we consider a given field distribution impinging on the BS, as sketched in Fig. 1 . At a transverse plane beyond the BS, the field distribution is given by a sum of the form U͑x͒ + U͑x 0 − x͒, where x 0 represents the distance between the replicas. Field values of the two replicas are then sampled by the mask Y, whose transverse position is specified by the coordinate ͑͒ of one of the holes in the x reference frame. The other hole, at + d, samples a copy of the field that in the upper replica is located at e = x 0 − d − . between points x 1 = x 0 − d − and x 2 = . Accordingly, the correlation function can be determined for all pairs ͑x 1 , x 2 ͒ by varying the position of the Young mask and the distance between the replicas, which can be adjusted by moving the BS laterally. In particular, the mutual distance and average position of the two points turn out to be ␦ x = x 2 − x 1 =2 − ͑x 0 − d͒ and x = ͑x 2 + x 1 ͒ /2=͑x 0 − d͒ / 2, respectively. Note that the above technique can be extended to the general 3D case without any conceptual difficulties. The only difference is that the replica of the incident field has to be flipped with respect to both axes, and the shifts of the reversed replica and of the Young mask have to be performed along both axes. Finally, it is important to notice that, since d is fixed, the period of the fringe pattern is independent of the coordinates of the sampled points, and the shift with respect to the origin of the reference frame depends only on 12 . This represents a key aspect of our arrangement, which makes the phase detection particularly simple and robust.
For the proposed technique to be tested experimentally, the spatial degree of coherence of a partially coherent secondary source has been measured by a RWY interferometer. The source has been synthesized starting from a laser beam and a rotating ground glass, following a procedure that was used in the past to produce Gaussian Schell-model sources. 15 A laser beam ͑ = 532 nm͒ with a Gaussian transverse profile is focused onto a rotating ground glass (GG) by a converging lens. The transverse extension of the radiation exiting GG, which can be thought of as being completely incoherent from the spatial point of view, is then limited by an iris diaphragm and is eventually sent into the RWY interferometer. The lateral position of the BS can be adjusted by a micrometric screw in order for the distance x 0 between the two replicas to be changed. The Young mask Y, consisting of two circular holes having diameters of ϳ300 m and a mutual distance of ϳ9 mm, is placed at a distance z = 30 cm from the exit face of the GG. The interference pattern is then observed across the back focal plane of a converging lens (100 mm focal length), through a 10ϫ microscope objective, which images the pattern onto a 256ϫ 240 CCD array.
The degree of coherence of the field at the mask plane can be evaluated by the van Cittert-Zernike theorem, 1 which yields
where w denotes the spot size of the impinging Gaussian beam across the GG plane. It should be noted that, although the modulus of ␥ 12 is shift invariant, its phase is not. The value of w was measured by directly imaging the intensity distribution of the incoherent source onto the CCD array, and it turned out to be w = 155± 10 m.
Measures of the modulus and phase of ␥ 12 were performed in the following way. For a typical position of the mask Y, the intensity patterns I 1 , I 2 , and I tot were acquired. From the above three intensity distri- Fig. 4 , where the normalized coordinates x / ͱ z and ␦ x / ͱ z are used, together with their theoretical behavior (solid curve), which is a line with its slope given by −2 and its bias depending on the choice of the origin of the x axis.
In conclusion, the RWY interferometer seems to be very attractive because of its extreme simplicity, compactness, stability, low cost, and the fact that it can be easily assembled in any optics laboratory. Furthermore, since no anisotropic devices or optical fibers are used, its use could be considered for joint coherence-polarization measurements. 16, 17 An obvious drawback of the technique is that measures have to be taken sequentially, but acquisition and processing times can be made significantly shorter by suitably automatizing the procedures. 
